Featured Application: Static membrane bioreactor systems do perform well in wastewater 12 treatment, but they might be supplanted in the future by newly developed rotating membrane 13 bioreactor systems that potentially have both reduced bio-fouling and subsequent energy 14 consumption. However, the current rotational simulation models that can be used for improved 
been established [6, 17] . This situation is further exacerbated with the membranes themselves having being laid down as phase inverted anisotropic media, meaning the pores themselves are not 97 uniform, following often very tortuous paths, with a very thin selective outer layer, and gradually 98 increasing thickness of backing layer with large irregular inter-connected pore spaces between.
99
Different approaches have also been developed for modelling the physical and biological 100 aspects of membrane fouling in a normal non-rotational MBR system. For instance Meng et 
105
Because mathematical modelling can be used to simulate flux decline and thus potentially 106 afford a greater understanding of the membrane fouling mechanisms involved, the aims of this 107 study was to:
108 109
1. Create a new, comprehensive fouling model that incorporates hydrodynamic regimes for a 110 standard SMBR using a viscosity to mixed liquor relationship model developed by Yang et al.
111
[22]. Then validate said fouling model using filtration data collected from operating the however with rotational switching functions turned off and rotational parameters set to a static 
118
Since the square-shaped SMBR system was operated under constant transmembrane pressure
119
(TMP), both fouling models (static square-shaped and standard) must be evaluated in terms of the 120 varying flux. With this MBR mode of operation, as the filtration process goes on, the flux declines,
121
indicating fouling.
122
In this research work, three fouling mechanisms are chosen. Let us consider Figure 1a) , b) and c)
123
as the fouling mechanisms that occur during a typical filtration process (e.g. UF) for membranes that 
130
Firstly whilst referring to Figure 1a) , b) and c), it was assumed that the membrane's pores were gradually the membrane surface becomes obstructed by aggregates forming a somewhat uneven blocked area. Once the pores are blocked by aggregates, pore constriction is stopped. 
During UF, as the membrane becomes fouled and flux gradually decreases, the total available 158 area for permeate will decrease at a uniform rate such that, there exist a time constant tc (s -1 ) < 1/t that 
160
(as TMP is constant), the area formula Equation 4 can be further expanded such that:
As can be observed from the above equation, it is quite similar to the Hermia [16] area formulation. 
Due to caking observed during UF process, the total resistance will increase with the membrane computed as seen in Equation 6.
At time tb (s), once the pore constriction stops, the time at which a pore was first blocked,
170
resistance Rin,b can be calculated by Equation 7
[20].
The resistance of the particles deposit increases with time due to the growth in mass (or 172 thickness) of the cake layer, and with the cake filtration model, resistance, Rb, (m -1 ) is given by
173
Equation 8.
The flux, J (m.s −1 ), can be calculated from Equation 9 using Darcy's law at constant TMP and the 175 in-series resistance approach.
Thus, by combining Equations 3 to 9, the total normalised flow rate through membrane, Qt 
182
The only prevalent hydrodynamic factor to take into account during operation of a standard 183 submerged SMBR (e.g., bespoke square-shaped SMBR) is the air scouring which is mainly in charge 184 of mitigating against cake growth and thus reduce fouling. Additionally, air scouring flux, Jair (m. Figure 2 shows the set-up and operation of the square-shaped SMBR rig that was fabricated at
195
Brunel University using a bespoke static square-shaped membrane module (Flexidisks by Avanti Figure 2 . Static square-shaped membrane bioreactor (MBR) system in operation in the laboratory.
199
The square membrane module is located in the larger tank on the right for filtration purposes.
200
The UF membrane module (as shown on Figure 3 ) consisted of 20 static membrane flat sheets.
201
Each membrane sheet in square form was composed of hydrophilic, low fouling polyvinylidene 211 Table 1 shows this second unit's membrane dimensioning and a general overview of the 212 operating conditions of the bespoke SMBR system as provided by the manufacturer.
213 214 
217
The SMBR plant was initially seeded with activated sludge supplied by Thames Water, UK, and 218 were semi-batch fed a synthetic wastewater made up using a standard recipe to mimic an influent periodic excess sludge wasting. The influents had an average pH between the range of 7.8 and 8.6,
221
and experiments were carried out at a constant room temperature of 23 °C. 
230
The corresponding initial flow rates were respectively 1.2 x 10-5 m 3 /s and 2.5 x 10-5 m 3 /s.
231
Although data was constantly being logged, for the sake of simplicity and to keep model 232 computation time down to a minimum, only the average data points for every 5 minutes of filtration 233 time were actually used in the simulation study with the total filtration period being two hours. This 234 meant a total of 25 data points were generated for each individual MLSS concentration. After each 
273
As part of the simulation process, curve fitting for the fouling decline of both SMBR systems
274
were run in Matlab. Outputted results are shown in Figure 4 and 5 respectively.
275 276 
284
biological activities tend to be extremely active, this means that flux will diminish at a faster rate (i.e.,
285
fouling occurring faster).
286
Therefore, this flux drop that is translated from the simulated fouling curve is well within 287 expected margins of error [23] . Another obvious fact is that the point-to-point fit of experimental 288 data is very poor. But, the fouling curve's trend is of the right magnitude and in the right direction to 289 allow an analysis of the fouling behaviour that is occurring in the system. A large f'.R' coupled with
290
Rb0 being nearly equal to Rm suggests that significant cake layer was formed.
291
Furthermore, the ratio of φ by Kα, which indicates to a fair degree the distribution density of 292 blocked pores area (i.e., an indication of pore blocking), is just over twice the size of pore constriction 293 parameter β (as roughly 1.42 is superior to roughly 0.64). This indicates that pore blocking 294 mechanism was predominant during fouling. Consequently, the majority of the fouling was 295 controlled by both pore blocking and cake filtration. 
301
Also, as can be seen, the best fit curve at this high TMP is extremely poor (especially after 80 302 minutes). However, again the fouling curve's trend is of the right magnitude and in the right 303 direction to allow an analysis of the fouling behaviour that is occurring. Superficially, analysis
304
would suggest that fouling may be due to all three fouling mechanisms, but it can be argued that
305
fouling was primarily dominated by cake filtration and pore blocking mechanisms.
blocking mechanisms.
In terms of comparison, overall both SMBR fouling models gave a near identical depiction of the fouling mechanisms that occurred during filtration processes. 
333
Overall, despite the discrepancies in point-to-point data fitting of both SMBR models, their 334 similar fouling decline curve fitting trends suggest that respectable agreement was reached between 335 experimental and simulated fouling decline (and by extension occurrence of fouling mechanisms).
336
This not only indicates that the basic premise of the developed RMBR model was sound in empirical
337
terms when compared to a standard flux model, but also vindicates the usage of a complex RMBR 338 model. Follow on studies will now compare results from the RMBR system using rotational models
339
developed by other researchers to ascertain the effectiveness rotating MBR modelling approach.
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